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Thin ﬁlmsAbstract 4-(4-Amino-1,5-dimethyl-2-phenyl-1,2-dihydro-pyrazol-3-ylideneamino)-phenol (L1)
and 4-(4-Amino-1,5-dimethyl-2-phenyl-1,2-dihydro-pyrazol-3-ylideneamino)-benzoic acid (L2)
have been synthesized by the condensation reaction of 4-aminoantipyrine (4-AAP) and 4-amino-
phenol or 4-aminobenzoic acid in ethanolic solution and are characterized by various physico-
chemical techniques. Thin ﬁlms of L1 and L2 have been prepared by the conventional spin coating
technique. X-ray diffraction patterns (XRD) show an amorphous nature for both powder and thin
ﬁlms for L1 and L2 ligands. The optical absorption and refraction properties of L1 and L2 are inves-
tigated by spectrophotometric techniques at normal incidence of light in the wavelength range of
200–2500 nm. The absorption spectra show two peaks in the UV region which correspond to
pﬁ p* transition and a peak in UV–Vis region which may correspond to nﬁ p* transition. The
values of dispersion parameters Eo, Ed, eL, e1 and N/m
\ are calculated according to the single
oscillator model. The presence of the OH group increases the value of e1 from 3.21 to 3.32 and
the value of N/m\ from 7.38 · 1053 to 2.08 · 1054 m3Kg1. The optical band transition is found
to be indirect allowing fundamental energy gap values of 3.4 and 3.9 eV and onset energy gap values
of 2.1 and 2.6 eV for L1 and L2, respectively.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Heterojunction organics have attracted increasing attention
due to their potential applications. Among these heterojunc-
tions are antipyrine derivatives which are promising in optical
communications, optoelectronic materials, and biofunctional
compounds, especially, excellent nonlinear optical (NLO)
responses [1–7].
S340 N.A. El-Ghamaz et al.Antipyrine derivatives (APDs) attracted attention as model
compounds of functional materials due to their attractive
functional properties such as antioxidant [8], antiputrefactive
[9] and optical [10,11] characteristics in the ﬁeld of chemical
physics. For instance, these compounds have been considered
as important biomodel compounds in biological and medical
ﬁelds [12]. With the development of functional materials
including bioelectrics [13,14], photovoltaics [15–17], photolu-
minescence [18,19], and nonlinear optics [20–22], the photore-
sponsive characteristics of these substances have become one
focus area of scientists, gradually.
Sun et al.[6,23] and Zhang et al. [24] studied the crystallo-
graphic data of 4-(2-ﬂuorobenzylideneamino) antipyrine
(2-FBIAAP), 4-(3-ﬂuorobenzylideneamino) antipyrine (3-
FBIAAP), 4-(2,4-dichlorobenzylideneamino) antipyrine
(2,4-DCBAP) and 4-(2,6-dichlorobenzylideneamino)
antipyrine (2,6-DCBAP). They found that the studied mole-
cules have an asymmetric structure consisting of the prazolone,
imine bond and aromatic benzene rings. They concluded that
these compounds are promising optical materials due to their
functionally structural molecular device with four components
concluding one prazolone, one imine bond and two benzene
rings. The micro-variable F-substitution of (2-FBIAAP) and
(3-FBIAAP) showed micro-differences in structural and partly
photoresponsive characteristics, which may lead to the macro-
differences in functional materials [23,24].
Arun et al. [25] reported that the Schiff base 3-hydroxyqui-
noxaline-2-carboxalidine-4-aminoantipyrine (HQCAAP), is
polar and exhibits amide-iminol tautomerism. Its polarity
decreased in solution. It exhibited positive solvatochromism
in its absorption spectra but a negative solvatochromism in
its emission spectra in various solvents. The results of the
UV–Vis, ﬂuorescence, cyclic voltammetry (CV) and differential
scanning calorimetry (DSC) studies suggest that the present
compound is a suitable candidate for application in organic
electronics. The values of third-order non-linear absorption
coefﬁcient, b, imaginary part of the third-order non-linear opti-
cal susceptibility, Im v(3), and optical limiting threshold suggest
that this compound might ﬁnd application in the photonic age.N
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Scheme 1 The formation mechanismThe electronic absorption spectra of APDs and molecular
orbital coefﬁcients analysis suggest that the electronic spectra
are assigned to pﬁ p* and nﬁ p* electronic transitions
[6,23–26]. Data extracted from the UV–Vis spectrum for some
dissolved APDs accentuate both the fundamental and onset
optical edges around 4.8 eV, 3.3 eV for two FBIAA isomers
[23,24] and 3.6 eV, 2.5 eV for the HQCAAP thin ﬁlm [25].
In spite of the importance of APDs in high-level technolog-
ical applications, there are insufﬁcient efforts paid for deter-
mining the optical constants such as refractive index,
dielectrical constant and energy gap. So we are interested in
the synthesis of new APDs such as 4-(4-amino-1,5-dimethyl-
2-phenyl-1,2-dihydro-pyrazol-3-ylideneamino)-phenol (L1)
and 4-(4-amino-1,5-dimethyl-2-phenyl-1,2-dihydro-pyrazol-3-
ylideneamino)-benzoic acid (L2) and in investigating their opti-
cal properties in thin ﬁlm forms with the aim of using the
results obtained in using these materials in many applications
such as optoelectronic devices.
2. Experimental technique
2.1. Synthesis of ligands
Ethanolic solutions of 4-aminoantipyrine (4-AAP) (0.1 mol)
and p-aminophenol/p-aminobenzoic acid (0.1 mol) were
reﬂuxed together for 4 h over a steam bath (Scheme 1). The
excess solvent was removed by evaporation and the concen-
trated solution was cooled in an ice bath with stirring. The
Schiff base which separated out as a colored powder is
collected and dried in vacuum [27].
2.2. Preparation of L1 and L2 thin ﬁlms
Homogenous thin ﬁlms of Schiff base L1 and L2 are prepared
by a conventional spin coating technique onto pre cleaned
optical ﬂat glass substrates [28]. The prepared ligands are dis-
solved in 3 ml ethanol. The rotating speed of the spin coating
system is controlled to be about 2800 rps. The thicknesses ofN
N
H3C
H3C
Ph
NH2
N OH
N
N
H3C
H3C
Ph
NH2
N COOH
L1
L2
of Schiff base ligands (L1 and L1).
Table 2 Some selected bands of diagnostic importance from
the IR spectra (cm1) of 4-AAP and ligands (L1 and L2).
Assignment 4-AAP L1 L2
t(NH2)as 3426 3359 3359
t(NH2)s 3315 3230 3230
t(CH)as(Ar) 3175 3085 3085
t(CH)s(Ar) 3087 3036 3035
t(CH)as(CH3) 2985 2935 2930
t(CH)s(CH3) 2918 2920 2022
t(C‚O) 1640 – 1668
t(COO)as – – 1443
t(COO)s – – 1326
t(OH) – 3270 3461
C‚N – 1575 1602
N–CH3 1405 1420 1423
C–N 1310 1360 1370
c (C‚N) – 1017 1020
c(CH)ring 730 694 700
Synthesis and optical properties studies of antipyrine derivatives thin ﬁlms S341the thin ﬁlms are then measured by the interferometric tech-
nique [29] and found to be in the range of 90–100 nm.
2.3. Measurements
Elemental microanalyses of the separated solid chelates for C,
H, and N were performed in the Microanalytical Center, Cairo
University, Egypt. The analyses are repeated twice to check the
accuracy of the analyzed data. The infrared spectra are
recorded using a Perkin Elmer 1340 spectrophotometer. The
1H NMR spectrum is obtained with a JEOL FX90 Fourier
transform spectrometer with (DMSO-d6) as solvent and
TMS as an internal reference.
Structural analysis of the powder and thin ﬁlms are per-
formed at room temperature by Philips X-ray diffractometer
equipped with utilized monochromatic Cu Ka radiation
(k= 1.5418 A˚).
The molecular structures of the investigated compounds are
optimized by the HF method with 3–21G basis set. The mole-
cules are built with Perkin Elmer ChemBio Draw and opti-
mized using Perkin Elmer ChemBio 3D software. Quantum
chemical parameters for the investigated molecules are
calculated.
Measurements of transmittance, T(k), and reﬂectance, R(k),
of the thin ﬁlms are carried out at room temperature with nor-
mal incidence of light in the wave length range of 200–2500 nm
in steps of 2 nm using a double-beam spectrophotometer (JAS-
CO model V-570-UV/Vis/NIR).
The absolute values of the measured T and R which were
used to calculate optical constants are calculated from the rela-
tions [30]:
TðkÞ ¼ Ift
Ig
 
ð1 RgÞ; ð1Þ
and
RðkÞ ¼ Ift
IAI
 
RAI½1þ ð1 ðRgÞ2Þ  TRg; ð2Þ
where Ift and Ig are the intensities of light passing through the
ﬁlm–glass system and reference glass substrate, respectively. Ift
and IAl are the intensities of the light reﬂected from the sample
and that from the reference mirror, respectively. RAl is the
reﬂectance of the Al-mirror and Rg is the reﬂectance of glass.
The refractive index, n, and the absorption index, k, are com-
puted by a modiﬁed version [31] of the Abe´le´s and Theye tech-
nique [32] which is based on solving the two non-linear
equations:
ðDTÞ2 ¼ jTcal  Tj2  0; ð3Þ
and
ðDRÞ2 ¼ jRcal  Rj2  0; ð4ÞTable 1 Elemental analysis (C, H, N),a color, yield (%) and meltin
Compound Color Yield % M.p.(C)
L1 Brown 60.7 190
L2 Yellow 52.4 164
a The excellent agreement between calculated and experimental data suwhere T and R are calculated from Eqs. (1) and (2). Tcal and
Rcal are the calculated values using Murmann’s exact
equations [33]. The experimental errors were taken into
account as ±5% for the ﬁlm thickness measurements and
±1% for T and R. Calculations revealed error of ±5% for
the refractive and 3% for the absorption indices [34].
3. Results and discussion
3.1. Characterization of ligand
3.1.1. Synthesis and characterization of ligand
In the present investigations, the ligands were prepared by stir-
ring an appropriate amount of 4-aminophenol and 4-amino-
benzoic acid with the corresponding 4-aminoantipyrine in
ethanol. Schiff base ligands were soluble in common organic
solvents. The Schiff bases formed were characterized with
respect to its composition by elemental and spectral analysis.
Elemental analysis data of the ligands are given in Table 1. Ele-
mental analysis data of the ligands show good agreement with
theoretical data.
3.1.2. IR spectra
The data of the IR spectra of Schiff base ligands are listed in
Table 2. The IR spectrum of 4-aminoantipyrine is compared
with those of the ligands in order to make sure of formation
of Schiff base. There are some guide peaks in the spectra of
the ligands, which are of good help for achieving this goal.
The spectra of ligands L1 and L2 display bands at 1575 and
1600 cm1, respectively, due to the presence of t(C‚N) of
the azomethine moiety, respectively. The ligands give twog point (C) of ligands (L1 and L2).
Calc. (Exp.)%
C H N
69.31 (69.39) 6.03 (6.12) 19.02 (19.05)
66.63 (66.67) 5.50 (5.56) 17.25 (17.28)
ggests the assignment suggested in the present work.
L1 
L2 
 Carbon atom                              Oxygen atom 
 Nitrog
 Hydrogen atom 
Figure 1 Molecular structure with atomic numbering for L1 and
L2.
S342 N.A. El-Ghamaz et al.bands at 3200–3400 cm1 due to asymmetric and symmetric
stretching vibrations of the NH2 group. The t(C‚O) of the
carbonyl moiety in 4-aminoantipyrine disappear in Schiff base
ligands. The characteristic phenolic t(OH) mode present in L1
and the characteristic carboxylic t(OH) mode present in L2 are
observed around 3270 and 3461 cm1, respectively. L2 shows a
band at 1668 cm1 due to carboxylic carbonyl group t(C‚O).
The IR spectra of L1 and L2 thin ﬁlms are also measured and
showed that there is no change in the chemical composition
due to thin ﬁlm formation.
3.1.3. 1H NMR spectra
The 1H NMR spectra of the Schiff bases are recorded in d6-
dimethylsulfoxide (DMSO) solution using tetramethylsilane
(TMS) as internal standard. The chemical shifts of the differ-
ent types of protons in the 1H NMR spectra of the Schiff bases
are listed in Table 3 and display two sharp signals at 2.19_2.2
and 3.12_3.15 ppm with an integration equivalent to three
hydrogens corresponding to the C–CH3 and N–CH3 groups.
The aromatic rings give a group of multi signals at 6.80–
8.18 ppm. The NH2 hydrogen for ligands resonates at
4.76 ppm as a sharp singlet. The phenolic group hydrogen sig-
nal appears at 9.40 ppm in the spectrum of the L1 ligand. The
COOH signal is found at 12.70 ppm in the spectrum of the L2
ligand. The 13C NMR of ligands exhibited signals at
152.2_152.4 ppm corresponding to the carbon of C‚N
groups. The carboxylic (C‚O) group signal appears at
169.3 ppm for L2.
Therefore, it is clear from these results that the data
obtained from the elemental analyses; IR and 1H NMR spec-
tral measurements are in agreement with each other.
3.1.4. Molecular structures and X-ray diffraction
The molecular structures of the investigated compounds are
shown in Figs. 1 and 2 and calculated by optimizing their bond
length and bond angles. Quantum chemical parameters such as
the highest occupied molecular orbital energy (EHOMO), the
lowest unoccupied molecular orbital energy (ELUMO) and
HOMO–LUMO energy gap (DE), for the investigated mole-
cules are calculated and listed in Table 4. The selected geomet-
ric parameters are listed in Table 4. The C5–N9 bond lengths
1.262 and 1.290 (A˚) for L1 and L2, respectively, are related to
the normal imine bond. The pyrazoline and directly linked
benzene form effective dihedral angles (180 and 177.418)
for L1 and L2, respectively, which beneﬁt for the molecular
device to transport electrons directionally. The smaller the
value of DE, the more the reactivity of the compound.[35–Table 3 1H NMR spectral data (d ppm) of 4-AAP and ligands
(L1 and L2).
Assignment Compound
L1 L2 (4-AAP)
(S, 3H,C-CH3) 2.19 2.2 2.15
(S, 3H, N-CH3) 3.12 3.15 2.84
(S, 2H, NH2) 4.76 4.76 2.99
(m, 9H, ArH) 6.80–7.50 7.36–8.20 7.15–7.50
(S, 1H, OH) 9.40 – –
(S, 1H, COOH) – 12.70 –39]. Therefore, the ligand L2 is more reactive than the ligand
L1. Quantum chemical parameters such as DE, absolute
electronegativities, v, chemical potentials, Pi, absolute
hardness, g, absolute softness, r, global electrophilicity, x
[40–42], global softness, S, and additional electronic charge,
DNmax, have been calculated according to the following equa-
tions [43,44]:
DE ¼ ELUMO  EHOMO; ð5Þ
v ¼ ðEHOMO þ ELUMOÞ
2
; ð6Þ
Pi ¼ v; ð7Þ
g ¼ ELUMO  EHOMO
2
; ð8Þ
r ¼ 1=g; ð9Þ
x ¼ Pi2=2g; ð10Þ
HOMO LUMO
L1
L2
Figure 2 Molecular structure for L1 and L2.
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DNmax ¼ Pi=g; ð12Þ
The values of calculated quantum chemical parameters are
listed in Table 5.
The X-ray diffraction (XRD) results for both L1 and L2 in
the powder and thin ﬁlm forms show an amorphous nature.
Because of the high similarity of results, Fig. 3 presents the
XRD patterns for L1 as a representative data.
3.2. Optical properties
3.2.1. Determination of optical constants of L1 and L2 thin ﬁlms
The absolute values of transmittance, T(k), and reﬂectance,
R(k), for L1 and L2 thin ﬁlms are shown in Fig. 4. The sum
of T(k) and R(k) values in the wavelength range of 200–
500 nm is less than unity. This can be attributed to the strong
absorption in this region of spectra. At longer wavelength the
sum of T(k) and R(k) values is slightly less than the unity. This
behavior may be attributed to the scattering effect due to the
roughness of the ﬁlms and/ or the presence of free carriers
[28,45,46].
The refractive index is an important parameter for optical
materials design and it includes valuable information for opti-
cal materials with higher efﬁciency. The complex refractive
index (n\) can be expressed as [26,45]
n ¼ n ik; ð13Þ
where n and k are deﬁned before. The spectral behavior of the
calculated values of n for L1 and L2 thin ﬁlms is shown inFig. 5. It shows normal dispersion behavior at the wavelength
range of 500–2500 nm, while it shows anomalous dispersion
for k< 500 nm. This behavior was observed for many organic
compounds [30,46,47]. Moreover the value of n for the L1
ligand is greater than that of the L2 ligand in the normal dis-
persion region. This result indicates that the value of the dielec-
tric constant for the L1 ligand is greater than that of the L2
ligand. This is corresponding to the presence of the electron-
donating hydroxyl group (–OH) in the L1 structure which is
considered as an auxochrome group which modiﬁes the ability
of the chromophore to absorb light. Generally, the auxo-
chrome groups themselves fail to produce the color; but when
present along with the chromophores in an organic compound
intensiﬁes the color of the chromogen [48]. The spectral distri-
bution of absorption index, k, for L1 and L2 in the wavelength
range of 200–800 nm is shown in Fig. 6. Both L1 and L2 have
two peaks in UV region of the spectra (200–300 nm) and one
more peak in the UV–Vis region (370–470 nm) with different
intensities, The weak absorption at k> 600 nm can be attrib-
uted to the existence of free carriers in L1 and L2 thin ﬁlms
[28,45,46].
3.2.2. Absorption properties of L1 and L2
The absorption spectrum gives useful information about the
energy band structure and the energy gap values of the com-
pounds under investigation. The absorption coefﬁcient, a,
can be calculated from the value of k according to the follow-
ing relation [49]
a ¼ 4pk
k
; ð14Þ
Table 4 Selected geometric parameters for L1 and L2.
L1 L2
Bond lengths (A˚) Bond angles () Bond lengths (A˚) Bond angles ()
C17–C18 1.35 C18–C17–C22 115.894 C16–C17 1.406 C17–C16–C21 111.425
C18–C19 1.343 C17–C18–C19 122.281 C17–C18 1.359 C16–C17–C18 122.034
C19–C20 1.34 C18–C19–C20 120.334 C18–C19 1.390 C17–C18–C19 126.282
C20–C21 1.339 C19–C20–C21 118.832 C19–C20 1.394 C18–C19–C20 109.847
C21–C22 1.342 C20–C21–C22 120.062 C20–C21 1.318 C19–C20–C21 126.032
C17–C22 1.35 C17–C22–C21 122.593 C16–C21 1.424 C16–C21–C20 123.825
N4–C17 1.282 N3–N4–C17 122.299 N4–C16 1.305 N3–N4–C16 125.154
N3–N4 1.363 N3–N4–C5 106.27 N3–N4 1.370 N3–N4–C5 104.374
N4–C5 1.285 C17–N4–C5 129.609 N4–C5 1.299 C16–N4–C5 130.18
C1–C5 1.35 N4–N3–C2 112.223 C1–C5 1.358 N4–N3–C2 114.923
C1–C2 1.342 N4–N3–C7 130.977 C1–C2 1.317 N4–N3–C7 140.787
C2–N3 1.271 C2–N3–C7 116.278 C2–N3 1.196 C2–N3–C7 103.403
C1–N8 1.266 N4–C17–C18 115.894 C1–N8 1.267 N4–C16–C17 123.478
C2–C6 1.508 N4–C17–C22 119.799 C2–C6 1.515 N4–C16–C21 125.095
N3–C7 1.485 N8–C1–C2 120.937 N3–C7 1.424 N8–C1–C2 112.148
C5–N9 1.269 N8–C1–C5 128.655 C5–N9 1.290 N8–C1–C5 135.224
N9–C10 1.269 C2–C1–C5 110.227 N9–C10 1.320 C2–C1–C5 112.362
C10–C11 1.349 N9–C5–C1 129.07 C10–C11 1.363 N9–C5–C1 127.669
C11–C12 1.342 N9–C5–N4 124.09 C11–C12 1.336 N9–C5–N4 125.115
C12–C13 1.342 C1–C5–N4 106.84 C12–C13 1.379 C1–C5–N4 103.133
C13–C14 1.342 N3–C2–C1 104.025 C13–C14 1.39 N3–C2–C1 101.557
C14–C15 1.342 N3–C2–C6 130.045 C14–C15 1.345 N3–C2–C6 133.494
C10–C15 1.346 C1–C2–C6 125.904 C10–C15 1.362 C1–C2–C6 123.668
C13–O16 1.36 C5–N9–C10 132.117 C13–C22 1.391 C5–N9–C10 117.826
N8–H29 1.048 N9–C10–C11 115.614 C22–O23 1.233 N9–C10–C11 112.245
O16–H35 0.971 N9–C10–C15 127.996 C22–O24 1.288 N9–C10–C15 128.789
C11–C10–C15 116.141 N8–H31 1.000 C11–C10–C15 118.616
C10–C11–C12 122.001 O24–H42 0.961 C10–C11–C12 120.618
C11–C12–C13 121.288 C11–C12–C13 121.399
C12–C13–C14 117.014 C12–C13–C22 122.354
O16–C13–C14 121.154 C13–C14–C15 123.122
O16–C13–C12 121.778 C10–C15–C14 117.584
C13–C14–C15 121.58 O24–C22–C13 123.019
C10–C15–C14 121.756 O23–C22–C13 117.204
C1–N8–H29 121.207 C22–O24–H42 108.038
C1–N8–H31 133.487
Torsion angles () Torsion angles ()
C18–C17–N4–N3 136.651 C17–C16–N4–N3 177.418
C5–N4–C17–C22 153.006 C5–N4–C16–C21 169.704
C10–N9–C5–C1 21.701 C10–N9–C5–C1 32.954
C10–N9–C5–N4 158.43 N4–C5–N9–C10 173.69
C11–C10–N9–C5 167.362 C11–C10–N9–C5 133.395
C19–C11–C10–N4 179.646 O23–C22–O24–H42 178.11
Table 5 The calculated quantum chemical parameters of the
investigated compounds (L1 and L2).
Ligands/parameter L1 L2
HOMO (a.u) 0.1536 0.1709
LUMO (a.u) 0.0172 0.0573
DE (a.u) 0.1709 0.1136
v (a.u) 0.0682 0.1141
g (a.u) 0.0854 0.0568
r (a.u)1 11.707 17.607
Pi (a.u) 0.0682 0.1141
S (a.u)1 5.8533 8.8036
x (a.u) 0.0272 0.1147
DNmax 0.7982 2.0094
S344 N.A. El-Ghamaz et al.The spectra of a as a function of incident photon energy for
both L1 and L2 are shown in Fig. 7. The absorption coefﬁcient
spectra for L1 and L2 reveal two peaks in the UV region of
incident light with values of the order of 105 cm1 and a shoul-
der in the UV–Vis region of incident light. The existence of
many peaks can be attributed to the orbital molecular transi-
tion from bonding to antibonding molecular orbitals
[HOMO–LUMO] [23]. The two peaks in the range of 3.5–
6.5 eV are assigned to pﬁ p* transitions between orbitals lar-
gely localized in the phenyl ring [50] and the peak located in
the range of 2.8–3.2 eV is assigned to nﬁ p* for the azome-
thine group transitions [6,26].
Careful view to the absorption coefﬁcient spectra, Fig. 8,
shows that there is a tail present near the fundamental edge.
The tail of the fundamental absorption edge is indicating the
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Table 6 The values of the optical parameters of ligands thin
ﬁlms.
Ligands/Parameter L1 L2
eL 3.34 3.22
e1 3.32 3.21
(N/m\) (m3 Kg1) 2.08 · 1054 7.38 · 1053
Eo (eV) 8.85 11.068
Ed (eV) 20.5 24.41
Eu (eV) 1.39 0.68
Eg (eV) 3.4 3.9
Eg
*(eV) 2.1 2.6
Eph (eV) 0.23 0.14
S346 N.A. El-Ghamaz et al.presence of localized states in the energy band gap. According
to Dow and Redﬁeld [51], the tail arises from the random
ﬂuctuations of the internal ﬁelds associated with structural
disorders which show considerable patterns in many amor-
phous solids [26]. In this region, the values of a depend expo-
nentially on the photon energy according to the following
relation [52]:
aðtÞ ¼ ao exp ht
Eu
 
; ð15Þ
where ao is the pre-exponential constant and Eu is the width of
the tails of the localized states in the gap region [26,50]. The
value of Eu can be estimated by plotting ln a as a function of
incident photon energy, hm, as shown in Fig. 8. The values of
Eu for L1 and L2 are calculated and found to be 1.39 and
0.68 eV, respectively.
The spectral distribution of a near the absorption edge can
be analyzed to evaluate the value of the optical energy gap and
investigated the type of optical transition in terms of the rela-
tion [50,53].
aht ¼ Aðht Eg  EphÞx; ð16Þ
where A is a constant which depends on the electronic transi-
tion probability, Eg is the optical energy gap of the material,
Eph is the energy of the phonon accompanying the indirect
transition (the factor ± allows for the possibility of photon
absorption or emission) and x is the power which characterizes
the transition process, where x= 1/2 and 3/2 for direct
allowed and forbidden transitions, respectively, and x= 2
and 3 for indirect allowed and forbidden transitions, respec-
tively. The best ﬁt of the present data for both L1 and L2 is
found to be with the value x= 2 for both fundamental and
onset edges. The dependence of (ahv)1/2 on photon energy hv
for L1 and L2 is shown in Fig. 9. The values of both fundamen-
tal band gap Eg and onset band gap Eg
* are the intercept of
extrapolation of the linear part to zero absorption with photon
energy axis [47,53]. The values of Eg, Eg
* and Eph for L1 and L2
thin ﬁlms are listed in Table 6. The calculated values of Eg for
L1 and L2 are in agreement with the data extracted from the
UV–Vis spectra for two FBIAA isomers [23,24] and HQCAAP
thin ﬁlm [25]. The HOMO–LUMO energy gap, DE, is an
important stability index; it is applied to develop theoretical
models for explaining the structure. The smaller the value of0 2 4 6
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Figure 9 Plot of (ahm)1/2 versus hm for L1 and L2 thin ﬁlms.DE is, the higher the values of fundamental band gap, Eg,
and onset band gap, Eg
* [54]. So, the ligand L2 has the highest
values of Eg and Eg
*.
3.2.3. Dispersion analysis
The complex dielectric constant (permittivity) is given by the
relation [45].
e ¼ e0  ie00; ð17Þ
where e0 and e00 are the real and imaginary parts of the permit-
tivity. The values of e0 and e00 are related to the optical con-
stants n and k by the relations [28,53,55]:
e0 ¼ n2  k2; ð18Þ
and
e00 ¼ 2nk; ð19Þ
The calculation of real and imaginary parts of the dielectric
constant is directly related to the density of states within the
forbidden gap of the compounds. The real and imaginary parts
of the dielectric constant for L1 and L2 as a function of k are
shown in Fig. 10(a) and (b), respectively.
The obtained data of refractive index can also be analyzed
in terms of a single oscillator model to obtain the lattice dielec-
tric constant, eL, the carrier concentration to effective mass
ratio (N/m\), the dispersion energy, Ed, the single oscillator
energy, Eo, and the dielectric constant at inﬁnity, e1, which
describes the contribution of the free carriers and the lattice
vibration modes of the dispersion as follows:
The real part of the dielectric constant e0 is related to the
incident wavelength k in the normal dispersion region by the
following relation [28,45]
e0 ¼ eL  e
2N
4peomc2
k2; ð20Þ
where e is the charge of the electron, eo, is the permittivity of
free space and c is the speed of light. The relation between e0
in the non absorbing region versus k2 for L1 and L2 is shown
in Fig. 11. The value of eL can be obtained from the intersec-
tion of the extrapolation of the straight lines with the e0 axis.
The value of N/m\ can be calculated using the slope = De
0
Dk2
according to the relation:
N
m
¼ 4peoc
2
e2
slope; ð21Þ
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Figure 10 Spectral behavior of (a) the real part of permittivity,
e0, and (b) the imaginary part of permittivity, e00 for L1 and L2 thin
ﬁlms.
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Figure 11 Plot of e0 versus k2 for L1 and L2 thin ﬁlms.
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Figure 12 Plot of (n2  1)1 versus (hv)2 for L1 and L2 thin ﬁlms.
Synthesis and optical properties studies of antipyrine derivatives thin ﬁlms S347The refractive index values below the interband absorption
edge are analyzed by using a single oscillator equation to
deﬁne the dispersion energy parameters Ed and Eo which mea-
sure the average strength of the interband optical transitions
according to the relation [55,56]:n2  1 ¼ EoEd
E2o  ðhtÞ2
; ð22Þ
where hm is the energy of the incident light. Experimental veri-
ﬁcation of the above equation can be obtained by rearranging
relation (22) and plotting (n2  1)1 versus (hm)2 and ﬁtting it
to a straight line, as shown in Fig. 12, for the studied thin ﬁlms.
The values of Eo and Ed are determined from the slope (= (Eo-
Ed)
1) and the intersection (= (Eo/Ed)) with the vertical axis.
The values of e1 can be obtained from the intersection
of the extrapolated straight line with the Y-axis when it equals
(n1
2  1)1 and e1= n12 . The values of eL, e1, N/m\, Eo and Ed
are listed in Table 6. It is clear that eL > e1 for both ligands
under study. This trend was observed for other materials
[26,28,53] and was attributed to the contribution of a small
concentration of free carriers. The values of eL and e1 for L1
are larger than that of L2. The previous investigations have
proved that the organic molecules with electron-donating and
electron-accepting groups present a remarkable photoresponse
[1,21,57].4. Conclusion
The IR spectra of L1 and L2 powder and thin ﬁlms show that
there is no change in the chemical composition. X-ray diffrac-
tion patterns show an amorphous nature for powder and thin
ﬁlms of L1 and L2. The optical transition values of fundamen-
tal energy gap (Eg) near the absorption edge are found to be
indirect and allowed transition with values of 3.4 and 3.9 eV
for L1 and L2, respectively. The revealed two peaks in the
range of 3.5–6.5 eV are assigned to pﬁ p* transitions between
orbitals largely localized in the phenyl ring and the shoulder
located in the range of 2.8–3.2 eV and are assigned to nﬁ p*
for the azomethine group transitions. The optical parameters,
Eo is found to be 8.85 and 11.068 eV, Ed is found to be 20.5
and 24.41 eV, eL is found to be 3.34 and 3.22 and e1 = 3.32
and 3.21 for L1 and L2 respectively, depending on the substitu-
ent. The presence of the OH group increases the intensity of
color, modiﬁes dispersion energy and inﬂuences the values of
e1 and N/m
\. It is found that eL > e1 for L1 and L2 due to
the contribution of a small concentration of free carriers.
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